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Refinement 

R[F 2 > 2a(F 2 )] = 0.036 H-atom parameters constrained 

wR(F 2 ) = 0.077 Ap max = 0.18 e A~ 3 

5 = 0.96 &Pmm= -0.20 e A~ 3 

4292 reflections Absolute structure: Flack (1983), 

240 parameters 2119 Friedel pairs 

2 restraints Flack parameter: 0.00 (7) 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


N7-H8C-05' 


0.89 


1.94 


2.7169 (18) 


145 


N7-H9A- • 01 a 


0.89 


2.12 


2.8904 (18) 


145 


N7-H19B- ■ 01 m 


0.89 


1.90 


2.7657 (19) 


164 


N10-Hl-O4 iv 


0.91 


1.84 


2.7367 (17) 


168 


03-H3-04 iv 


0.82 


1.84 


2.6415 (16) 


164 


06-H6- ■ 02 v 


0.S2 


1.80 


2.5897 (16) 


161 


Symmetry codes: (i) x + \ 


-y + lz 


-1; (ii).t-|,v- 


r |, z; (iii) x — |, — y - 


- 1, z - 1; (iv) 



In the title compound, C 4 H 14 N 2 ^CyHsOj , both the N,N- 
dimethylethylenediamine N atoms are protonated and two 3- 
hydroxybenzoate anions act as counter-ions. In the crystal, 
anions and cations are linked by a network of N— H- ■ O and 
O— H- ■ O hydrogen bonds. 

Related literature 

For bond lengths in fully protonated polyamines, see: Bujak & 
Angel (2006); Bujak & Zaleski (2002); Doran et al. (2003); 
Thorn et al. (2005); Zhang et al (2007). 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT, program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL and SHELXL97 (Sheldrick, 2008); molecular 
graphics: ORTEP-3 for Windows (Farrugia, 1997) and Mercury 
(Macrae et al, 2006); software used to prepare material for publica- 
tion: SHELXL97 and PLATON (Spek, 2009). 

The authors thank the University of Pretoria for financial 
support and research facilities. The XRD facilities of the 
University of Witwatersrand, South Africa are gratefully 
acknowledged. 
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Experimental 

Crystal data 

C 4 H 14 N 2 2+ -2C 7 H503 
M, = 364.39 
Monoclinic, Cc 
a = 14.5439 (3) A 
b = 17.5881 (4) A 
c = 7.7104 (2) A 
P = 114.777 (1)° 



Oil 



V = 1790.76 (7) A J 
Z = 4 

Mo Ka radiation 
/i = 0.10 mm~' 
T = 293 K 

0.49 x 0.12 x 0.03 mm 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2425). 
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Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: integration 
(XPREP; Bruker, 2001) 
7mi„ = 0.952, T max = 0.997 



14114 measured reflections 
4292 independent reflections 
3635 reflections with / > 2a(I) 
R mt = 0.048 
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AyV-Dimethylethane-l,2-diaminium bis(3-hydroxybenzoate) 
A. Sarkar and I. Cukrowski 

Comment 

A^-Dimethylethane-l^-diaminium bis 3-hydroxybenzoate [H2ZW-en + 2(3HO-BA)] crystallizes in the centrosymmetric 
space group Cc. The molecular structure with the atom numbering scheme is shown in Figure 1 . The all N-H bonds in 
H2Z)M-en (they are on average close to 0.9 A) are shorter by about 0. 1 A when compared with those in other fully protonated 
polyamines (Thorn et ah, 2005; Doran et ah, 2003) but comparable with (Zhang et ah, 2007; Bujak et ah, 2002). At the 
same time, the three N — H bonds on N7 (primary N-atom) are equal in length (0.89 A) and they are shorter by 0.02 A than 
the N — H bond on tertiary N-atom (N10). In this crystal the polyammonium ion adopts an extended, all anti-conformation 
that minimizes electrostatic repulsions between protonated nitrogen atoms. There is a self-assembly pattern in the crystal 
through intermolecular noncovalent interactions (the hydrogen bonds of a type N — H - 0 and O — H - O). The O-atoms 
are known to participate as donors in intramolecular as well as intermolecular hydrogen-bonding interactions to provide 
various types of self-assembled networks. As an example, the 04-atom of the carboxylate group forms two intermolecular 
H-bonds, one with the diamine, N10 — Hl - 04, and another with hydroxy group of the benzoic acid, 03 — H3 - 04; both 
H-bonds are about 1 .84 A. The other O-atom of the carboxylic group is involved in only one intramolecular H-bond, namely 
N7 — H19B - 05 involving terminal N-atom. In general, all O-atoms and H-atoms bonded to the N-atoms are involved in 
intramolecular interactions. 

Experimental 

DM-en (0.83 ml, 8.97M) was mixed with 3-Hydroxy Benzoic acid (1 g m, 7.24 mmol) in water (1 ml). Colourless crystals 
obtained after 15 days of slow evaporation. 

Refinement 

H atoms bonded to N and O atoms were located in a difference map and refined with distance restraints of O — H = 0.84 (2) 
and N — H = 0.87 (2) A, and with (7j S0 (H) = 1.2C/ e q(N,0). Other H atoms were positioned geometrically and refined using 
a riding model (including free rotation about the ethanol C — C bond), with C — H = 0.95-0.99 A and with (7i S0 (H) = 1.2 
(1.5 for methyl groups) times J7 e q(C). 
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Figures 




Fig. 1. Molecular structure of A^-dimethylethane-l^-diaminium bis 3-hydroxybenzoate 
with atom labels and 50% probabilty ellipsoids. 



Fig. 2. The H- bonded packing of A^-dimethylethane-l^-diaminium bis 3-hydroxyben- 
zoate. 



iV,iV-Dimethylethane-1 ,2-diaminium bis(3-hydroxybenzoate) 



Crystal data 
C 4 Hi4N 2 2+ -2C 7 H 5 03~ 

M r = 364.39 

Monoclinic, Cc 
Hall symbol: C -2yc 
a = 14.5439 (3) A 
* = 17.5881 (4) A 
c= 7.7104 (2) A 
(3= 114.777 (1)° 
V= 1790.76 (7) A 3 
Z=4 



F(000) = 776 

D x = 1.352 MgnT 3 

Dm =1-352 MgnT 3 
D m measured by not measured 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 4375 reflections 
9 = 2.3-27.2° 

H = 0.10 mm -1 
7=293 K 
Needle, colourless 
0.49 x 0.12 x 0.03 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 



4292 independent reflections 
3635 reflections with / > 2o(I) 
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graphite 
cp and co scans 

Absorption correction: integration 
{XPREP; Bruker, 2005) 
r min = 0.952, T max = 0.997 
14114 measured reflections 

Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(7^)] = 0.036 

wR(F 2 ) = 0.077 

5 = 0.96 
4292 reflections 
240 parameters 
2 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 1 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > oiF 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^iso*/keq 


06 


-0.04233 (9) 


0.58513 (7) 


0.31587 (16) 


0.0236 (3) 


H6 


-0.0877 


0.6024 


0.3410 


0.035* 


04 


0.24002 (8) 


0.70635 (7) 


1.07125 (16) 


0.0235 (3) 


N7 


0.41688 (11) 


0.92211 (8) 


0.40647 (19) 


0.0192 (3) 


H9A 


0.4078 


0.9518 


0.4914 


0.029* 


H19B 


0.3910 


0.9446 


0.2926 


0.029* 


H8C 


0.4828 


0.9142 


0.4427 


0.029* 


N10 


0.19982 (10) 


0.78889 (8) 


0.3324 (2) 


0.0202 (3) 


HI 


0.2057 


0.7653 


0.2325 


0.024* 


C7 


0.05796 (12) 


0.62591 (9) 


0.6407 (2) 


0.0174 (3) 


H005 


0.0023 


0.6493 


0.6479 


0.021* 



R int = 0.048 

6max = 28.0°, 0 m ; n = 1.9° 
/!=-19^19 

k = -23^23 
/=-9^10 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 {F 2 ) + (0.037P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap ma x = 0.18eA- 3 
Ap m in = -0.20 e A~ 3 

Absolute structure: Flack (1983), 21 19 Friedel pairs 
Flack parameter: 0.00 (7) 
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Atomic displacement parameters (A 2 ) 



U n u 22 u 33 u 12 u 13 u 23 

06 0.0184 (6) 0.0337 (7) 0.0185 (6) -0.0004 (5) 0.0076 (5) -0.0060 (5) 

04 0.0171 (6) 0.0275 (7) 0.0248 (7) -0.0043 (5) 0.0078 (5) -0.0107 (5) 

N7 0.0191 (7) 0.0217(7) 0.0169 (7) -0.0024(6) 0.0077 (6) -0.0010 (5) 

N10 0.0213 (7) 0.0201 (7) 0.0199 (7) -0.0032 (6) 0.0094 (6) -0.0044 (6) 

C7 0.0177(8) 0.0160(8) 0.0207(8) 0.0001 (6) 0.0103 (7) -0.0004(7) 
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A AA 1 7 (H\ 

U.UU1 1 \l ) 


A AA70 (H\ 

U.UU lo y l ) 


U.UUzo \ l ) 


C26 


a a 1 nn /o\ 

o.oiyo (8) 


A AT 1 1 /A\ 

0.0213 (9) 


AA1C1 fO\ 

U.U1M (8) 


A AAA*7 fH\ 

0.0007 (7) 


A AACA /*7\ 

U.UUdU ( /) 


-0.0051 (/) 


C25 


0.0202 (8) 


0.0216 (8) 


0.0198 (9) 


-0.0031 (7) 


0.0103 (7) 


-0.0013 (7) 


C24 


0.0197 (8) 


0.0196 (8) 


0.0143 (8) 


-0.0009 (6) 


0.0057 (7) 


-0.0034 (6) 


C22 


0.0271 (9) 


0.0246 (9) 


0.0271 (10) 


-0.0066 (8) 


0.0134 (8) 


0.0003 (8) 


C20 


0.0194 (8) 


0.0203 (9) 


0.0187 (9) 


0.0000 (7) 


0.0053 (7) 


-0.0034 (7) 


C21 


0.0174 (8) 


0.0286 (9) 


0.0240(10) 


-0.0042 (7) 


0.0083 (7) 


-0.0043 (7) 



Geometric parameters (A, °) 








06— C6 


1.358 (2) 


C10— C5 


1.383 (2) 


06— H6 


0.8200 


C10— HOB 


0.9300 


04— C19 


1.2664 (19) 


C5— HO 14 


0.9300 


N7— C4 


1.480 (2) 


C15— H18C 


0.9600 


N7 — H9A 


0.8900 


C15— H16D 


0.9600 


N7— H19B 


0.8900 


C15— H17E 


0.9600 


N7— H8C 


0.8900 


Cll— H13F 


0.9600 


N10— Cll 


1.489 (2) 


Cll— H14G 


0.9600 


N10— C15 


1.490 (2) 


Cll— H12H 


0.9600 


N10— CI 


1.494(2) 


Ol— C26 


1.262 (2) 


N10— HI 


0.9100 


02— C26 


1.260(2) 


C7— C8 


1.391 (2) 


03— C20 


1.363 (2) 


C7— C6 


1.395 (2) 


03— H3 


0.8200 


C7— H005 


0.9300 


C23— C22 


1.384 (2) 


CI— C4 


1.516(2) 


C23— C24 


1.394 (2) 


CI— H3A 


0.9700 


C23— H020 


0.9300 


CI— H2B 


0.9700 


C26— C24 


1.518 (2) 


05— C19 


1.246 (2) 


C25— C24 


1.389 (2) 


C6— C5 


1.393 (2) 


C25— C20 


1.393 (2) 


C8— C9 


1.397 (2) 


C25— H022 


0.9300 


C8— C19 


1.510(2) 


C22— C21 


1.391 (2) 


C4— H6A 


0.9700 


C22— H024 


0.9300 


C4— H5B 


0.9700 


C20— C21 


1.392 (2) 


C9— C10 


1.393 (2) 


C21— H026 


0.9300 


C9— HO 12 


0.9300 
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Co — Uo — hlo 


1 AO C 


/~m \n l in a 
C4 — JN / — hlyA 


1 nn C 

luy.D 


pi /) XT"7 I 1 1 no 

C4 — JN / — hi 1 yB 


1 nn c 

iuy.3 


I in ,\ XT"7 TJIflD 


1 AO C. 


/~m \n nor 
C4 — JN / — hloC 


1 AO C 

iuy.j 


hlyA — JN / — hloC 


1 AA C 

luy.D 


| [ 1 no XT"7 TJOP 

hliyB — JN / — hloC 


1 AA C 

iuy.3 


CI 1 — JN 1U — CI j 


i m oo pi /I \ 
llU.oo (14) 


n 1 XT 1 A 1 

CI 1 — JN 1(J — CI 


1 1 O "t A /1 1\ 

1 12.24 (13) 


CI J — JN 1U — CI 


11A 1A 

11U.3U (13) 


n 1 xt 1 n 1 1 1 
CI 1 — JN 1U — hll 


1 A*7 *7 
1U /. / 


pi f XT 1 n II 1 

CI J — JN 1U — hll 


1 A*7 *7 
1U /. / 


( • i \t i r\ I I 1 

CI — JN 1U — hll 


1 A*7 *7 
1U /. / 


po po p£ 
Co — C / — Co 


1 in i a ( 1 c\ 
12U.34 (ID) 


Co — C / — hlUUD 


i in p 

ny.o 


p/" p-7 TTAAC 

Co — C / — hlUUD 


nn p 
ny.o 


JN 1U — CI — C4 


111 nn /1 i\ 
lll.UU (13) 


XT1 A Z" 1 1 I I ~) A 

JN 1U — C 1 — hl3A 


1 nn /i 

iuy.4 


z~M ( ' 1 I 1 1 A 

C4 — C 1 — rl 3 A 


1 AO A 

iuy.4 


xti A z" 1 1 mo 
JN 1U — C 1 — hl2r> 


1 nn /i 

iuy.4 


Z~M Z" 1 1 II O D 

C4 — C 1 — ri2r> 


1 AA A 

iuy.4 


ri3A — CI — ri2r> 


1 AQ A 

lUo.U 


Uo — Co — CD 


11-7 AO ( 1 C\ 

1 1 /.4o (ID) 


Uo — Co — C / 


m ni / 1 /i \ 
123. U3 (14) 


PC p/r p*7 

CD — Co — C / 


1 1 n /in /1 c\ 
liy.4y (ID) 


r^i z^o r^Ci 

c / — Co — cy 


1 on nn n c\ 
12U.UU (ID) 


c/ — Co — ciy 


iinn/i pi yi \ 
1 iy.U4 (14) 


pn no pm 

cy — Co — c i y 


1 in no /■ 1 c\ 
12U.y2 (ID) 


XT*7 P /] pi 

JN / — C4 — C 1 


1 nn n^ / 1 1 \ 
lUy.yD (13) 


XT*7 P A TT/r A 

JN / — C4 — hlo A 


1 nn *7 

iuy. / 


P 1 p /I | ]/ A 

CI — C4 — hlo A 


1 nn *7 

iuy. / 


XT*7 P /] I I C D 

JN / — C4 — hlDB 


1 nn *7 

iuy. / 


p 1 p /I UCD 

CI — C4 — hlDB 


1 nn *7 

iuy. / 


| |/ A p A I I C I) 

hlo A — C4 — hlDB 


1 no o 
lUo.2 


OS P1Q OA 


1Z J .Z, J ^IJJ 


05 — C19 — C8 


118.00 (14) 


CM — C19 — C8 


118.74 (14) 


CIO — C9 — C8 


119.26 (16) 


CIO — C9 — HO 12 


120.4 


Qg — C9 — HO 12 


120.4 


CI 1 — JN 1U — CI — C4 


/T/i on c\n\ 
04. 6U (I 1) 


CI J — JN IU — CI — C4 


i ^ i m ( \ A\ 
1 / l.UZ (14) 


r^o r^"7 r^/; 

Co — C / — Co — Uo 


1"70 no f 1 A\ 
— 1 /5.U6 (14) 


C8 — C7 — Co — C5 


1.8 (2) 


C6— C7— C8— C9 


-0.4 (2) 


C6— C7— C8— C19 


-178.15 (13) 


NIO— CI— C4— N7 


173.31 (13) 


C7— C8— CI 9— 05 


36.5 (2) 


C9— C8— CI 9— 05 


-141.30(16) 



p c pm pn 

cd — c i u — cy 


1 OA "71 ( 1 C\ 

12U. 15 (ID) 


/ • c pm un 1 1 
CD — C 1 U — hlU 1 3 


ny.o 


pa p 1 n i m 1 1 
cy — C 1 U — hlU 1 3 


i in £ 

ny.o 


Pin pc p/: 
C1U — CD — Co 


1 on 11 /"i c\ 
12U.13 (ID) 


Pin pc i in 1 /i 
C 1 U — CD — hlU 1 4 


1 1 n n 

ny.y 


/ • /c pc i m 1 /i 
Co — CD — hlU14 


1 1 n n 

ny.y 


XTin PK ill op 

JN 1 U — C 1 D — hi 1 oC 


1 nn c 

luy.D 


XTin PK 1 1 1 /: r~\ 

JN 1 U — C 1 D — hi 1 oD 


1 nn c 

luy.D 


III op P1C 1 1 1 /rn 

hi 1 oC — C 1 D — hi 1 oL) 


1 nn c 

luy.D 


XT 1 n PK I I 1 HTJ 

JN 1U — C1D — hll fh 


1 nn c 

luy.D 


ttiop pic rrnc 
hi 1 oC — C 1 D — hi 1 /b 


1 nn c 

luy.D 


I I 1 s T~\ p 1 C I I 1 TC 

hlloL) — C1D — hll Ah 


1 nn c 

luy.D 


XTin PI 1 111 IT 

JN1U — Cll — hl!3h 


1 nn c 

luy.D 


XTin pi i iii a r • 
JN 1U — Cll — hll40 


1 nn c 

luy.D 


U11T7 p 1 1 1 1 | | ( • 

rl!3r — Cll — rl!40 


1 AO ^ 

luy.D 


XTin pi i 1 1 1 ~> 1 1 
JN 1 U — C 1 1 — rl 1 2hl 


1 AA C 

luy.D 


1 1 1 ■) r P11 iii "> 1 1 

hll3h — Cll — hll2hl 


1 AA C 

luy.D 


I I 1 I ( • P11 U 1 ITT 

hll4Cj — Cll — hl!2hl 


1 AA C 

luy.D 


nn m tti 
C2U — U3 — hl3 


1 AA C 

luy.D 


POO P11 pi/I 

C22 — C23 — C24 


1 1 A OO C\ H\ 

i iy.o2 (i /) 


poo ni TJAOA 
C22 — C23 — rlU2U 


1 OA 1 

12U.1 


po /] POI TJAOA 

C24 — C23 — hlU2U 


1 OA 1 

12U.1 


( PO£ ( \ 1 

(J2 — C2o — 0 1 


1 OC OA ( A C\ 

12D.2U (ID) 


m p ~> /c po/i 
U2 — C2o — C24 


11*7 QO /"l C\ 

11 /.3o (ID) 


rM p~> /. po/i 
U 1 — C2o — C24 


11*7 A1 /1C\ 

11/ .43 (ID) 


po i poc n a 
C24 — C2D — C2U 


1 OA OC C\ /Z\ 

12U.OD (lo) 


PO y| POC T_TAOO 

C24 — C2D — hlU22 


1 1 A £ 

ny.o 


pon POC TUAOO 

C2U — C2D — hlU22 


| 1 A / 

i iy.o 


plf pi/I PT) 

C2D — C24 — C23 


1 1 A A O /1 C\ 

liy.4o (ID) 


nc po/i po/i 
C2D — C24 — C2o 


1 OA A/1 /1 C\ 

12U.U4 (ID) 


pin po/i /'•">/; 
C23 — C24 — C2o 


1 OA A "7 / 1 C\ 

12U.4 / (ID) 


pin POO P0 1 

C23 — C22 — C2 1 


1 OA "70 ( 1 /i\ 

12U. 11 (lo) 


ni poo T_rAO/i 
C23 — C22 — hlU24 


1 1 A (f 

ny.o 


pii poo um/i 
C2 1 — C22 — hlU24 


1 1 n £ 

ny.o 




1 oi iqnsi 


03 — C20 — C25 


117.46 (15) 


C21 — C20 — C25 


119.35 (16) 


C22 — C21 — C20 


119.76 (16) 


C22 — C21 — H026 


120.1 


C20 — C21 — H026 


120.1 


f^n r^c n n 
C / — Co — C5 — C 1 U 


1 A /0\ 

-1.4 (2) 


r^on r^'>^ r^OA r^oi 
CZU — CZj — CZ4 — C23 


1 1 ^0\ 

-1.1 (2) 


/t>/i /tic f^"tA r^"tc 
C2U — C2j — C24 — C2o 


1 "7n in /i c\ 

i /y./y (is) 


C22 — C23 — C24 — C25 


0.0 (3) 


C22— C23— C24— C26 


179.60 (15) 


02— C26— C24— C25 


-10.9 (2) 


Ol— C26— C24— C25 


169.32(15) 


02— C26— C24— C23 


169.52 (15) 


Ol— C26— C24— C23 


-10.3 (2) 
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C / — Co — C 1 V — U4 


-142. 11 (15) 


f~"^A f~"*t1 PTI 

C24 — C23 — C22 — C2 1 




0.4 (3) 


C9— C8— CI 9— 04 


39.5 (2) 


C24— C25— C20— 03 




-178.29 (15) 


C7— C8— C9— CIO 


-1.5 (2) 


C24— C25— C20— C21 




1.8 (2) 


C19 — C8 — C9 — CIO 


176.23 (14) 


C23— C22— C21— C20 




0.3 (3) 


C8— C9— CIO— C5 


1.9(2) 


03— C20— C21— C22 




178.71 (16) 


C9— CIO— C5— C6 


-0.4 (3) 


C25— C20— C2 1 — C22 




-1.3 (3) 


yjo — v^D — y^j — c i u 


178 AO (\ ^\ 








Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H—A 


D-A 


D—H-A 


N7— H8C-05' 


0.89 


1.94 


2.7169 (18) 


145 


N7— H9A-01" 


0.89 


2.12 


2.8904(18) 


145 


N7— H19B-01 m 


0.89 


1.90 


2.7657 (19) 


164 


N10— Hl-04 iv 


0.91 


1.84 


2.7367 (17) 


168 


03— H3-GM iv 


0.82 


1.84 


2.6415 (16) 


164. 


06— H6- 02 v 


0.82 


1.80 


2.5897 (16) 


161. 


Symmetry codes: (i) x+l/2, -y+3/2, z- 


-1/2; (ii) x-l/2,j>+l/2,z; (iii) 


x-1/2, -y+3/2, z-1/2; (iv) x, y,z-\\ (v) x 


-i,y, z- 
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